Naphazoline belongs to the sympathetic adrenomimetics, α2-adrenoreceptors stimulators, imidazole derivatives product group [13] . The drug administration leads to vasoconstrictor and anticongestive effects [36] .
INTRODUCTION
Naphazoline has been used in clinical practice for more than seven decades. During this time, numerous data was published in the scientific literature regarding its side effects albeit with no thorough analysis of their causes. In order to determine the prospects of this medicinal product via an in-depth study with further identification of the negative effects mechanism, we have collected and analyzed actual material on the side effects of medicinal products containing naphazoline, as well as toxicity studies data with different routes of naphazoline administration, and existing hypotheses and views on the possible naphazoline effect.
METHODS
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dogs included vomiting, bradycardia, cardiac arrhythmia, poor capillary filling time, hypotension, or hypertension, shortness of breath, increased upper respiratory sounds, depression, fatigue, anxiety and hyperactivity. These signs appeared within the period of 30 minutes to 4 hours after exposure [14] .
When naphazoline was first introduced into clinical practice, local adverse reactions were reported, with rhinitis medicamentosa as one of their manifestations. In the review study by Ramey [36] on rhinitis medicamentosa, a reference is traced back to 1944 in which Feinberg described a clinical case wherein the patient was afflicted with nasal congestion after using naphazoline hydrochloride, Due to this and other similar cases, in 1946, Lake introduced the term of rhinitis medicamentosa. The characteristic symptoms of rhinitis medicamentosa include nasal congestion without rhinorrhea, postnasal drip or sneezing. A rhinitis medicamentosa experimental modelling demonstrated that the use of naphazoline nitrate (3 ml of 0.1% solution) three times a day for 6 days induced in experimental rabbits, endothelium edema, with narrowing lumen, arterial thrombosis, microcirculation disturbances, altered venules configuration, submucosal glands and connective tissue issues [1] . Further studies by Pukhlyk and Hapaniuk [33] showed that the use of nasal decongestants, in addition to affecting the schneiderian membrane, engendered blood pressure normalization, increased vitality, physical activity in persons with sympathetic imbalance (with dominated parasympathetic type of autonomic nervous activity). This, in turn, results in rapid adherence to adrenaline-like substances, including naphasoline. Thus, while patients, based on the accessibility and non-prescription availability of topical vasoconstrictor agents, are using them increasingly; the term for improved nasal breathing sees rapid reduction and symptoms of local irritation, drying and general toxicity action increase.
Local naphazoline-associated reactions are also manifested by a negative effect on the mucosa ciliary apparatus, namely, inhibition of nasal ciliary beat frequency with subsequent stasis [36] . Experimental studies of naphazoline effect on the ciliary apparatus in white rats allowed tracing the changes in the epithelium with time. In such work, multinucleosis and focal destruction of epithelium cilia were observed two weeks after naphazoline 0.1% solution intranasal administration. Moreover, surface epithelium destructive changes were observed 3 and 6 months after the beginning of the experiment. These were characterized by complete atrophy of the epithelial lining in specific sites and cilia destruction on the apical surface of the ciliated cells with simultaneous metaplasia. In addition, morphological changes were found in the mucosa layer (lymphohistiocyte infiltration with the presence of eosinophils, intercellular edema and appearance of diluted vessels). The authors suggest that the cause of these changes is the effect of naphazoline by delayed hypersensitivity type with allergenic component [50] .
In ophthalmology, naphazoline side effects include blurred vision, irritation, mydriasis, increased or decreased intraocular pressure [23] . In addition, an experiment in rabbit eye showed a reduced aqueous humor flow rate in the eye chamber [30] . Further experimental studies have shown that naphazoline topical application in rabbit eye leads to an increase of endogenous atrial natriuretic peptide and decrease of noradrenaline in the cornea, and significantly increased cyclic nucleotides (cAMP, cGMP) through interaction with imidazoline receptors [29] .
Naphazoline systemic vasoconstriction phenomenon causes hypertension and reflex bradycardia, as well as possible vital organ ischemia. It is suggested that central α-adrenergic receptors stimulation leads to central nervous system (CNS) depression, ranging from drowsiness to coma, hypotension and respiratory rate decrease -leading to Cheyne-Stokes respiration and pulmonary edema. Other side effects include hypothermia, mydriasis, hyperhidrosis and transient excitation hyperreflexia [45] .
A cardiotoxic drug effect is observed in otolaryngology, which is explained by the fact that naphazoline bioavailability is more than 50% [45] . Other authors point to a significant naphazoline resorptive effect, but note the lack of information on its bioavailability and blood serum concentration [28] . Naphazoline systemic effects in otolaryngology may be due to direct adsorption into the nasal mucosa, and partial absorption of the drug when swallowed into the stomach [17] . Naphazoline hypotensive activity was established experimentally in the early stages of its study in dogs [7] , cats [49] and rats [20] . In experimental conditions of naphazoline concentrations ranging from 0.5 mM to 10 mM in a normal MacEwen solution, cardiac contractures were induced in rats and guinea pigs. Similar results were obtained in studies of frog heart [3] .The CNS effect of naphazoline is clearly demonstrated by a clinical case of a patient who suffered from chronic headaches associated with excessive use of the drug [9] . In addition, ischemic and hemorrhagic strokes were reported associated with naphazoline when administered nasally [6, 51] .
Naphazoline associated systemic effects are also observed in ophthalmological practice, and are manifested by headache, hypertension, cardiac disorders, anxiety, nausea, dizziness, weakness and sweating [23] .
A similar pattern of naphazoline systemic toxicity is manifested in the case of inadvertent swallow. As long ago as in 1948 a case was described of naphazoline hydrochloride intoxication upon ingestion, which was manifested clinically increased pulse rate, hypertension and partial respiratory rhythm disturbance [47] . Modern literature provides several cases of drug ingestion clinically accompanied by similar symptoms and even acute pulmonary edema [11] , or liver and kidney dysfunction [31] .
Nasal decongestants in children primarily bring about systemic toxicity. This is a symptomatic sign of the adrenomimetic effect (neurological status disorders, changes in the cardiovascular system, hypothermia, and constriction of pupils) that can appear as a result of "therapeutic" doses [2, 15, 42] . Currently, this situation has no clear explanation, but one possible reason for this may be that the relative area of the nasal mucosa in children is significantly larger as opposed to that of adults, hence a larger area of drug resorption is available. In addition, the average therapeutic dose of certain vasoconstrictor agents (e.g. Naphthyzin) approaches their toxic dose, therefore, there is a high probability of overdose and systemic toxic effects on other organs with an expressed adrenergic innervation of blood vessels (brain, heart, digestive tract, etc.). A further cause of decongestant intoxication in children may be the immature mechanism of neuronal adrenoceptor agonist reuptake in presynaptic terminals and insufficient activity of inactivating enzymes [21, 35] . Additional evidence of patient age sensitivity to naphazoline effect is in geriatric patient response to conjunctival drug application. In high concentrations, it can probably release the granule pigment of the iris in the elderly [23] .
In order to understand the naphazoline resorptive capacity, study results are of a great importance. Watanabe et al. [44] , in an experiment on loach skin samples (Misgurnus anguillicaudatus Cantor) in vitro, found that drug transfer through the skin is associated with the passive diffusion mechanism. Herein, the naphazoline permeability constant (Kp, cm.h-1) was 9.2×10 (-2) . Signs of local toxic effects of drugs containing naphazoline include rash, flushing and itching [16] . In contact with the skin, the drug at a concentration of 1% brings about allergic reactions, as confirmed by the prick test [8, 48] . What is more, the potential was demonstrated of naphazoline capacity to act as a photosensitiser [40] .
It should be noted that according to the United States Food and Drug Administration (FDA) classification of drugs allowed for use during pregnancy, naphazoline is "C"-classified. That is, no clinical trials were conducted and experiments in animals showed adverse effects on the fetus. Recent publications indicate that naphazoline can cause narrowing of the arterial duct or its closure in fetus, when the mother used the drug during pregnancy [18] .
In addition, it was experimentally shown that the photolysis products of naphazoline react with DNA, thereby contributing to its damage under aerobic and anaerobic conditions [40] . This causes concern in terms of drug safety.
Hypotheses regarding pathogenesis of these local negative effects of naphasoline are based on generally accepted physiological and biochemical mechanisms of adrenoreceptors action. The likely mechanism of adrenoceptor agonists systemic effect is that vasoconstriction occurs in postsynaptic α2-adrenergic receptors stimulation in vascular smooth muscle cells (VSMC) [3] . Rhinitis medicamentosa can thus result from secondary reduction in endogenous sympathetic noradrenaline production through a feedback mechanism. In addition, it is assumed that drug-induced vasomotor rhinitis is caused by receptor -smooth muscle imbalance of nasal blood flow and cavernous plexus of lower and middle nasal turbinates. In turn, this process is related to the fact that α2-adrenoceptor agonists cause contraction of blood vessels and cavernous bodies in 3-12 hours, which eventually depletes the receptor-smooth muscle apparatus. As a result it becomes relaxed after termination of the adrenoceptor agonist effect and nasal mucosa achieves maximum blood content. This leads to the closure of nasal passages and pronounced nasal congestion in reflex areas [17] . Another hypothesis links rhinitis medicamentosa with ischemia of the nasal mucosa caused by intensive stimulation of arteriocular adrenergic receptors.
Naphazoline adrenal-like activity explains the specified facts of its system activity. The peripheral α-adrenoreceptors have a significant impact on the cardiovascular system regulation. They have been found in kidneys and can regulate renal blood flow [38] , however, current data on the functioning and localization of adrenoreceptors [24] suggest that they are involved in the regulation of almost all organs and body systems. Thus, the naphazoline effect is a physiological response heterogeneity to the adrenoceptor agonists effect. Currently, there is no full understanding of how the receptors act physiologically and data on their localization and distribution is limited.
The side effects of naphazoline use in ophthalmology can be probably explained by the fact that naphazoline acts indirectly through the central regions of receptors in the brain and directly through the peripheral areas of effector targets [30] . It is assumed that the reason for change in the intraocular pressure when using naphazoline is the possible neuroendocrine function of the ciliated epithelium [4, 32] . Natriuretic peptide excreted from the ciliary epithelial cells can then act in a autocrine and/or paracrine way. However, the understanding of how these eye neuroendocrine systems are modulated is limited.
It is suggested that the naphazoline neurotoxicity effect is attributable to the fact that α-adrenergic receptors are linked to G-proteins, generating a cascade of events, which in turn leads to arachidonic acid and nitric oxide synthesis. The release of these compounds leads to inflammatory vasodilation [46] , which can cause migraine attacks. Hypothetically, naphazoline nitrate can promote synthesis and excretion of additional nitrogen oxide through the naphazoline salt chemical recovery. Furthermore, prostaglandins and nitric oxide contribute to the activation of pain receptors and pain impulse transfer from the periphery to the centre [39] .
The discovery of the imidazoline receptors made it more complicated to understand possible naphazoline systemic exposure. Currently, the idea is being developed that imidazoline receptors and adrenoceptors act jointly in the implementation of functional responses to adrenoceptor agonists such as the imidazoline derivatives. They are substantially similar and have close functional relationship. Calcium channel stimulation with adrenoreceptor agonists is a possible way in which such involvement comes about in the functioning of imidazoline receptors agonists. Imidazoline receptors are shown to be located in the brain, heart, kidneys and the pancreatic beta cells. Accordingly, they can modulate various functions of the body [19] .
CONCLUSIONS
The presented literature review is relevant due to the widespread use of naphazoline. Limited pharmacokinetics and pharmacodynamics data of the drug result in mass complications in the form of rhinitis medicamentosa, cardiovascular system disorders, and toxic complications. Thus, further studies are necessary regarding naphazoline content dynamics or its biotransformation products in biological substrates. Such work should include establishing the halflife periods that will allow determining the hazardous level in terms of material accumulation and prognosticating safe exposure levels. To understand the mechanism of action of any drug, as well as it possible toxic effects, the accumulation of knowledge is of a great importance whether Current Issues in Pharmacy and Medical Sciences the compound effect is caused by the original substance moleculular action or its biotransformation products, or both factors simultaneously. It should be noted that the literature data is controversial regarding the allergic potential of the compound. The possible reproductive and developmental negative effects are not covered. Indeed, the study of its immune and reproductive exposure hold relevant areas of research.
